, practically eliminating termination effects. It is now widely used in local structural determination of complex crystals and crystals with disorder, in addition to liquids and glasses (Egami & Billinge, 2012) .
However, the real novelty of this method lies in its capability to bridge different lengthscales, from local through mesoscopic to long-range structures. This capability originates from the inherent high resolution of the technique. The Q resolution, ÁQ/Q, of a powder diffractometer is of the order of 10 À3 for neutrons and 10 À4 for synchrotron X-rays, so that the PDF can be determined up to several hundreds of å ngstö ms as shown in Fig. 1 (Chung et al., 2005) . In this case (LiNiO 2 powder), the temperature dependences at short distances (Fig. 1b) and long distances (Fig. 1c) are inverted because of nanoscale domain formation. The PDF method was also found to be powerful in determining the particle size and structure of nano-particles (Egami & Billinge, 2012) .
In the article by Marco Scavini et al. (Scavini et al., 2015) , the authors very effectively use this method, coupled with electron spin resonance (ESR), to reveal chemical and structural heterogeneity and hierarchical structure in a Ce 1 À x Gd x O 2 À x/2 solid solution. Replacing Ce 4+ in CeO 2 with Gd 3+ and 1 2 oxygen vacancy improves the performance of this solid as an electrolyte (Inaba, 1996) . Its crystal structure changes rather smoothly from the fluorite (Fm3m) for CeO 2 to the C-type (Ia3) for Gd 2 O 3 through an intermediate region (C*) in which the superlattice peaks are broader. Upon looking closer in real space using PDF analysis, however, the structure is found to be more complex and heterogeneous. This is not surprising because the Ce 4+ ion prefers eight-oxygen-coordination, whereas Gd 3+ prefers six. Therefore a Gd 3+ ion likes to have another Gd 3+ ion as a neighbor to share an oxygen vacancy. Thus, the Ce/Gd mixture is not random, but Ce and Gd ions tend to segregate. However, at high temperatures where these structures are formed the entropy effect prevents massive segregation, if the driving force for segregation is not too large. Consequently, they form nanoscale aggregates, the size distribution of which depends on concentration. The phase change from the fluorite to the C-type at x Gd = 0.31 can be explained well in terms of percolation of Gd clusters. The energy of a chemical bond is usually of the order of eV, far greater than k B T. Thus, the environment of each atom tends to be unchanged even in alloys and solid solutions, and compromise for mixing occurs on the mesoscopic lengthscale. This is why a hierarchical structure, such as the one studied by Scanvini et al., is frequently observed in mixed systems. In this case such a hierarchical structure is apparently beneficial to its performance as electrolyte. Hierarchies are not only seen in human societies. PDF of LiNiO 2 determined by pulsed neutron diffraction. At short-range the PDF peak height decreases with temperature because of thermal vibration, but at distances greater than 100 Å the trend reverses because of nano-domain formation (Chung et al., 2005) .
